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Magnetic field geometry of the large globule CB 34
A. Das • H. S. Das • Biman J. Medhi • S. Wolf
Abstract We report the results of optical polarimetric
observations of a Bok globule CB34 to study magnetic
field structure on large scales (105 − 106 AU), which is
combined with archival sub-mm observations to char-
acterize the magnetic field structure of CB34 on small
scales (104−105 AU). The optical polarization measure-
ments indicate that the magnetic field in the globule
is constrained to a maximum radius of 105AU around
the core, out to densities not smaller than 104cm−3.
Our study is mainly concentrated on two submillimeter
cores C1 and C2 of CB34. The direction of magnetic
field of core C2 is found to be nearly perpendicular to
the CO outflow direction of the globule. The magnetic
field of core C1 is almost aligned with the minor axis
of the core which is typical for magnetically dominated
star formation models. The mean value of offset be-
tween the minor axis of core C2 and the outflow direc-
tion is found to be 14◦ which suggests that the direction
of the outflow is almost aligned with the minor axis of
core C2. The magnetic field strength in the plane-of-
sky for cores C1 and C2 is estimated to be ≈ 34µG and
≈ 70µG.
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1 Introduction
Bok globules are ideal sites for low mass star forma-
tion and the study of these objects can explore infor-
mation about the earlier processes of star formation.
The molecular clouds show structures on a variety of
length scales, which are subdivided into clumps, ob-
served in CO. This clumps have characteristic masses
103 − 104 M⊙, radii 2–5 parsec, temperature of 10 K,
mean number density of H2 of 10
2 − 103 cm−3 and
magnetic field 3 × 10−5G. Higher-density cloud cores
are embedded in the clumps, observed in NH3, CS, and
other molecules. The typical sizes are 0.05–0.1pc, the
temperature 10K, and the density ≈ 104 − 105 cm−3.
The typical masses of core are about 1 to a few M⊙,
although a few range up to 1000 M⊙. The clumps are
surrounded by a low density envelope which have a typ-
ical dimension of ≈ 104− 106 AU (Bodenheimer 2011).
Magnetic fields play a significant role in collapse
dynamics by mediating accretion, directing the out-
flows and collimating jets (Li & Nakamura 2004; Galli
2009). Fields may influence the shape of cloud frag-
ments, the contraction timescale and the gas-dust cou-
pling (McKee & Ostriker 2007). Magnetic field maps
of the molecular clouds can be derived thanks to the
effect of dust grain alignment (Lazarian & Hoang 2007;
Hoang & Lazarian 2014). When the light from the
background stars passes through a cloud of dust grains
which are aligned with their minor axis parallel to
the local magnetic fields of the cloud, it becomes lin-
early polarized due to selective extinction. Conse-
quently, the magnetic field can be detected through
optical polarimetry in the low-density regions of molec-
ular clouds. Complementary to this, the thermal ree-
mission of aligned grains located in the high-density
central region of molecular clouds is linearly polar-
ized perpendicular to the magnetic field direction and
can thus be studied through submillimeter polari-
metric measurement. Numerous studies have been
2made on molecular clouds through optical and sub-
millimeter polarimetry (Kane et al. 1995; Wolf et al.
2003; Alves et al. 2008; Ward-Thompson et al. 2009;
Franco et al. 2010; Paul et al. 2012; Chakraborty et al.
2014; Bertrang et al. 2014; Chakraborty & Das 2016).
Magnetic fields are believed to play a major role in
the launching and collimation mechanisms of CO out-
flows, so it would be interesting to study the possible
relationship between the observed magnetic field direc-
tions and outflows. Me´nard & Duche´ne (2004) studied
the alignment of T-Tauri stars with the local magnetic
field which revealed a possible link between the strength
of the Classical T-Tauri Star (CTTS) jets and their ori-
entation with respect to the magnetic field. They con-
cluded that the CTTSs with jets align to the magnetic
field, but as a whole sample (i.e., both CTTSs with and
without jets), the population is randomly oriented with
respect to the magnetic field. Curran & Chrysostomou
(2007) presented and discussed polarization maps for
16 star-forming regions, obtained with the Submillime-
tre Common-User Bolometer Array (SCUBA) array on
the James Clerk Maxwell Telescope (JCMT) at 850µm.
They found no relation between mean field direction
and outflow direction for the whole sample, although
some alignments were noticed. Hull et al. (2014) found
that the outflows are randomly aligned with B-fields,
but sources with low polarization fractions showed hints
of outflows being preferentially perpendicular to small-
scale B-fields. Bertrang et al. (2014) reported a mag-
netic field orientation parallel to the CO outflow in
cloud CB54, while cloud B335 shows a change in the
magnetic field orientation toward the outflow axis from
the inner core to the envelope regions. In CB68, they
found a magnetic field orientation almost perpendicular
to the CO outflow. Recently, Soam et al. (2015) stud-
ied relative orientation between magnetic field, minor
axis of the cores and outflows for five dense cores IRAM
04191, L1521F, L328, L673-7 and L1014. They found
that the outflows in three cores showed the alignment
with the envelope magnetic field.
CB34 is a unique globule which is more massive than
other globules and is situated at a distance of ∼ 1.5
kpc (Launhardt et al. 2010). The description of CB34
is presented in Table 1. This globule has three dense
cores (Launhardt & Henning 1997; Huard et al. 2000),
and is also associated with many young stars which are
believed to be formed from this globule (Alves et al.
1997). The chemical age of CB34 was estimated to
be more than 105 yr (Scappini et al. 1998). This young
age is supported by the presence of a pre-main-sequence
star, CB34FU, with an age of ∼ 106 yr (Alves et al.
1997). Several collimated outflows including a wa-
ter maser (Go´mez et al. 2006) suggest the active on-
going star formation in CB34. A bipolar CO outflow
from cool gas (Yun & Clemens 1994a), optical knots
of atomic emission lines from radiative shocks (Herbid-
Haro objects), and H2 infrared jets (Yun & Clemens
1994b; Khanzadyan et al. 2002) have been reported so
far. The position angle of the bipolar CO outflow is
−15◦ whose positions of the center of the outflows ∆α
and ∆δ are given by 0.2′ and −0.4′ (offset from the map
center of CB34) (Yun & Clemens 1994a). The molecu-
lar environment of the young cluster of Class 0 YSOs
located in the CB 34 was studied by Codella & Scappini
(2003) through a multiline millimeter survey. They re-
ported that the present star formation activity is cen-
tralized in the three main clumps that have sizes of
∼ 0.25 pc. Codella & Scappini (2003) further found
that either CB 34 is rotating, or that different parts of
it are associated with different velocities.
In contrast to previous studies, CB34 is located close
to the galactic plane. The well-studied magnetic field
in this region of the galaxy will allow us to constrain
how close to the globule the environmental magnetic
field is dominating and where the magnetic field of the
Bok globule is preferentially dominated by its internal
field.
2 Observations
The polarimetric observations have been performed us-
ing 1.04-metre Sampurnanand telescope of Aryabhatta
Research Institute of observational sciencES (ARIES)
near Nainital in India. The observations have been con-
ducted on 12–13 March, 2013 and on 20 Feb, 2015. The
ARIES Imaging Polarimeter (AIMPOL) has been used
as a focal plane instrument, which consists of a Wollas-
ton prism and a rotatable half-wave plate (HWP). The
function of Wollaston prism is to split the incident un-
polarized beam into two rectangular polarized ordinary
and extraordinary components whereas HWP changes
the polarization state of the light wave. The imaging
has been done using a CCD camera of 1024 × 1024 pix-
els. This CCD corresponds to 1.73 arcsec per pixel with
an effective field of view of about 8 arc minute diame-
ter on the sky. The gain of the CCD is 11.98 e−/ADU
whereas the read-out noise is 7.0 e−. The seeing ra-
dius is ∼ 4 arc sec. During all the phase of observa-
tions, broadband red filter (λ = 630 nm, ∆λ=120nm)
has been used. The observational log is now presented
in Table 2. The brief information about AIMPOL and
data reduction procedures are discussed in Medhi et al.
(2010) and Das et al. (2013).
Standard stars with high and low degree of polariza-
tion have been also observed. The polarization details
of the standard stars including offset are depicted in
Table 3.
3Table 1 Basic properties of CB 34. Position angle of the major axis (θmaj), right ascension (RA), declination (DEC),
galactic longitude and latitude (l, b), position angle of the galactic plane (θGP ), distance (D), position angle of outflow
(θout) and source classification (SC).
θmaj RA(2000) DEC(2000) (l, b) θGP D
† θout
‡ SC
(◦) (h m s) (◦ ′ ′′) (◦) (◦) (parsec) (◦)
90 05:47:02.4 21:00:10 (186.94,−3.83) 148.7 1500 −15 class 0
References: † Launhardt & Henning (1997), ‡ Yun & Clemens (1994a)
Table 2 Observation log.
Object Name of Exposure Date
ID Observatory time (sec)
CB34 ARIES, Nainital 600 March 12–13, 2013
ARIES, Nainital 600 Feb 20, 2015
The linear polarization (p) and position angle of
the polarization vector (θ) in terms of the normalized
stoke’s parameters q = Q/I and u = U/I is given by
p =
√
(q2 + u2) and θ = 0.5 tan−1(u/q) (1)
3 Geometry of magnetic field
3.1 Optical polarization
The optical polarization percentage of all stars includ-
ing position angles of polarization are calculated using
equation (1) and is presented in Table 4. In Fig. 1a, we
have over plotted the polarization vectors of observed
field stars on DSS R-band image of CB 34. We consid-
ered 36 stars whose p/Ep ≥ 3, where Ep is the error in
polarization. It is to be noted that I/EI > 15, whereEI
is the error in intensity. The mean value of polarization
of 36 stars is pavg = 2.30% with a standard deviation
σp = 1.23%, also the mean value of position angle is
θavg = 143.3
◦ with a standard deviation of σθ = 7.7
◦.
It is also noticed from Table 4 that the star # 34 having
p = 7.61± 2.27 (in %) and θ = 147.0± 8.6 (in degrees),
is highly polarized in comparison to pavg for rest of stars
although it is almost aligned with rest of stars. If we
exclude this star, the mean value of polarization and po-
sition angle for the rest 35 stars are < popt >= 2.14%
and < θopt > = 143.2◦ with a standard deviation of
σp = 0.84% and σθ = 7.8
◦ respectively. In Fig. 2, the
distribution of degree of linear polarization and polar-
ization position angle versus number of stars for CB
34 are plotted. The histogram for CB34 shows narrow
peak close to the mean polarization direction which is
usually observed in the Galactic molecular clouds.
Star # 28, located in the southern region of projected
image of CB34, is the nearest field star to CB34 which
is traced at optical wavelength, having limiting distance
102′′ (corresponding to ≈ 1.5× 105AU from the center
of globule). Constraints on the impact of the large-
scale ambient magnetic field on the local magnetic field
structure of the Bok globure can therefore be traced as
close as to this distance.
3.2 Submillimeter polarization
The sub-mm polarization data of CB34 is taken from
the Matthews et al. (2009) legacy data set. The sub-
millimeter observation of CB34 were made at the James
Clerk Maxwell Telescope (JCMT), Mauna Kea, Hawaii,
using the Submillimeter Common User Bolometer Ar-
ray (SCUBA). The polarization data were sampled at
a 10′′ pixel grid in J2000 coordinates. Matthews et al.
(2009) selected only those measurements for which I >
0, p/Ep > 2 and Ep < 4%. This criteria restricted the
data points to only six (five data points are associated
with core C1 and one data with core C2; ref. Fig. 31
of Matthews et al. (2009)). To study the magnetic field
properties of cores C2 and C3, we have reanalyzed the
data and calculated polarization vector at each pixel
and use the criteria I > 0, p/Ep > 2, and Ep < 6%
(instead of < 4%). It is to be noted that I/EI > 23,
where EI is the error in intensity. The polarization data
is now presented in Table 5. We understand this way
we are considering some low polarization signal.
It is to be noted that the sub-mm polarization angles
have to be rotated by 90 degrees to show the orientation
of the magnetic field, for comparison with the optical
polarization angles (Wolf et al. 2003). The magnetic
field position angles (θsubB ) are shown in the sixth col-
umn of Table 5. The sub-mm polarization map is now
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Fig. 1 (a) Optical polarization vectors (blue lines) are overplotted on a ∼ 15′ × 15′ R-band DSS image of the field
containing CB34. A vector with a polarization of 1% is drawn for reference which represents that the length of the line
segments are proportional to polarization percentage. The mean value of optical polarization and position angle for stars
projected in CB34 are < popt >= 2.14% and < θopt > = 143.2
◦ with a standard deviation of σp = 0.84% and σθ = 7.8
◦,
respectively. The red dashed line represents the direction of the Galactic plane at the latitude of the cloud (θGP ∼ 149
◦).
Contours correspond to SCUBA 850µm dust continuum emissions which range from 0.1 to 0.7 Jy beam−1 in steps of 0.1
Jy beam−1 (Di Francesco et al. 2008). (b) Three sub-mm cores C1, C2 and C3 of CB34 are shown. Contours range from
0.1 to 0.7 Jy beam−1 in steps of 0.1 Jy beam−1. Sub millimeter polarization vectors (850µm) are sampled on a 10′′ grid.
The sub-mm data, collected from the Matthews et al. (2009) legacy data set, have been reanalyzed and presented in Table
5. Vectors are plotted where I > 0, p/Ep > 2 and Ep < 6%. White and red lines are vectors associated with C1 and
C2 respectively. A vector with a polarization of 5% is drawn for reference which represents that the length of the line
segments are proportional to polarization percentage. The sub-mm polarization angles are rotated by 90 degrees to show
the orientation of the magnetic field, for comparison with the optical polarization angles. The mean value of sub-mm
polarization (< psub >) and the magnetic field position angle (< θsubB >) with corresponding standard deviations of core C1
are given by 12.0±6.9% and 65.4±69.3◦ . The values for C2 are given by 13.2±3.5% and 88.3±33.5◦ . The intensity-weighted
average magnetic field position angle (< θsubB >wa) for cores C1 and C2 are given by 46.7 ± 6.5
◦ and 90.4 ± 12.3◦.
5Table 3 Results of standard polarized and unpolarized stars at R-filter. p and θ from literature; pobs and θobs from
observations. Since the zero position of Half Wave Plate (HWP) is not systematically aligned with the northsouth direction,
offset angle is calculated using the relation: θ0 = (θ − θobs).
UT date Star p (%) θ (◦) pobs(%) θobs (
◦) θ0 Ref. for p & θ
March 12, 2013 HD251204 4.79±0.4 152.9 4.79±0.30 155.7±1.8 –2.8◦ †
HD65583 0.01±0.02 144.7±30.0 0.15±0.20 146.3±42 –1.6◦ ¶
March 13, 2013 HD251204 4.79±0.4 152.9 4.86±0.32 154.9±1.7 –2.0◦ †
HD65583 0.01±0.02 144.7±30.0 0.12±0.18 146±41 –1.3◦ ¶
Feb 20, 2015 HD155197 4.27±0.03 102.9 ± 0.18 4.29±0.4 117±2.6 –14.1◦ §
HD109055 0.07±0.05 70.9 0.18±0.20 85.2±29.8 –14.3◦ ‡
† http://www.sal.wisc.edu/HPOL/tgts/HD251204.html
‡ http://www.sal.wisc.edu/HPOL/tgts/HD109055.html
¶ Clayton & Martin (1981)
§ Schmidt et al. (1992)
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Fig. 2 Histogram shows number of star (N) versus degree of linear polarization and polarization position angle for CB
34. Dashed line in figure 2 (a) & (b) represents the position of the mean value of polarization vectors and position angle
respectively for the observed field stars of CB 34 (having p/ ∈p≥ 3). We have excluded the high polarization star (# 34 of
Table-4).
6Table 4 Optical polarization data of CB34.
Star # RA (2000) DEC (2000) p (%) θ (◦) p/Ep > 3
1 05 46 28.35 21 04 30.61 0.62±0.20 143.16±9.24 Y
2 05 46 41.25 21 05 46.60 1.29±0.70 164.72±15.55 N
3 05 46 41.49 21 01 08.21 2.28±0.50 142.13±6.28 Y
4 05 46 42.03 21 07 42.99 1.77±0.56 144.11±9.06 Y
5 05 46 42.71 21 01 20.07 0.61±0.27 141.87±12.68 N
6 05 46 43.95 21 00 43.05 2.08±0.64 148.70±8.82 Y
7 05 46 44.99 21 03 24.20 1.36±1.19 156.53±25.07 N
8 05 46 45.01 21 06 33.83 2.45±0.62 147.37±7.25 Y
9 05 46 45.45 21 04 47.15 1.34±0.93 142.06±19.88 N
10 05 46 45.78 21 00 46.72 3.21±0.25 139.02±2.23 Y
11 05 46 46.51 21 06 55.07 3.06±0.25 149.67±2.34 Y
12 05 46 47.47 20 46 49.97 3.15±1.00 126.83±9.10 Y
13 05 46 47.65 21 09 49.24 1.86±0.27 150.44±4.16 Y
14 05 46 48.11 21 05 58.47 0.72±0.30 154.20±11.94 N
15 05 46 48.30 20 45 55.81 3.19±1.01 143.90±9.07 Y
16 05 46 48.31 20 59 38.99 2.51±0.70 145.24±7.99 Y
17 05 46 49.91 21 10 42.38 1.23±0.36 158.92±8.39 Y
18 05 46 50.28 21 04 14.19 1.51±0.45 143.74±8.54 Y
19 05 46 50.70 21 10 02.47 1.28±0.27 139.77±6.04 Y
20 05 46 52.19 21 04 38.60 1.13±0.26 150.50±6.59 Y
21 05 46 52.92 21 05 54.93 1.92±0.60 143.97±8.95 Y
22 05 46 54.26 21 01 29.65 2.10±0.69 158.18±9.41 Y
23 05 46 54.93 20 56 50.00 1.72±0.52 150.23±8.66 Y
24 05 46 55.03 21 06 13.28 1.72±0.50 141.61±8.33 Y
25 05 46 55.39 20 44 24.87 2.31±0.75 156.97±9.30 Y
26 05 46 55.71 20 58 38.05 3.17±1.06 140.22±9.58 Y
27 05 46 57.22 20 56 51.73 4.48±0.72 131.83±4.60 Y
28 05 47 01.00 20 58 33.42 1.99±0.63 144.77±9.07 Y
29 05 47 03.51 21 08 57.66 2.03±0.53 140.57±7.48 Y
30 05 47 04.75 21 04 31.90 1.20±0.37 140.82±8.83 Y
31 05 47 04.93 20 47 46.00 2.04±0.61 146.54±8.57 Y
32 05 47 10.62 20 55 46.02 3.25±1.01 135.76±8.90 Y
33 05 47 17.64 20 47 42.44 1.67±0.52 141.14±8.92 Y
34 05 47 20.62 20 55 38.76 7.61±2.27 146.99±8.55 Y
35 05 47 21.34 20 59 24.98 1.99±0.51 146.89±7.34 Y
36 05 47 22.18 20 42 57.48 2.36±0.65 132.23±7.89 Y
37 05 47 24.81 21 00 36.62 2.30±0.76 148.40±9.47 Y
38 05 47 25.03 20 42 51.11 3.72±1.15 130.10±8.86 Y
39 05 47 29.10 20 48 29.04 1.12±0.33 136.21±8.44 Y
40 05 47 40.25 20 48 47.60 1.50±0.50 128.14±9.55 Y
41 05 47 41.30 20 49 57.56 1.23±0.38 142.08±8.85 Y
Note: Y: Yes, N: No
7presented in Fig. 1b. This map shows almost randomly
oriented magnetic field directions spread over the two
brightest cores in the globule, and fields in these two
cores appear to be unrelated to each other. It is further
noticed that the magnetic field vectors are associated
with two cores (C1 and C2) only, not with core C3. So
we will study the magnetic field geometry of two sepa-
rate cores C1 and C2. In Fig. 1b, white and red lines are
drawn to represent magnetic field vectors of two cores
C1 and C2 respectively. We assume that the alignment
of these field vectors are due to local magnetic field
of individual core. The mean polarization (< psub >)
and mean position angle (< θsub >) of core C1 along
with standard deviations are given by 12.0±6.91% and
−24.63 ± 69.30◦ (or 155.37 ± 69.30◦). The values for
C2 are given by 13.18± 3.46% and −1.72± 33.52◦ (or
178.28± 33.52◦). We find that the standard deviations
of < psub > and < θsub > for core C2 are less as com-
pared to core C1. To study average magnetic field ori-
entations, it would be good to perform a signal-to-noise-
weighted angle average so that the average orientation
is weighted in favor of the detections with the highest
signal-to-noise ratio (SNR). The intensity-weighted av-
erage position angle1(< θsub >wa) for cores C1 and C2
are given by −43.3±6.5◦ (or 46.7±6.5◦) and 0.4±12.3◦
(or 90.4 ± 12.3◦). Also, the weighted standard devia-
tion of position angle (σwtθ ) for cores C1 and C2 are
estimated to be 51.9◦ and 25.5◦. In Fig. 3, the distri-
bution of degree of linear polarization and polarization
position angle for two cores (C1 and C2) of CB 34 are
plotted.
We now estimate core FWHM dimensions and posi-
tion angle of the minor axis (θmin) of C1 and C2 from
850 µm map of CB34, which are given by (∼ 36′′×33′′,
∼ 61◦ ± 5◦) and (∼ 35′′ × 32′′, ∼ −1◦ ± 5◦).
The furthest sub-mm polarization vector (#1 of core
C1, see Table 5) of CB34 is located 85′′ (≈ 1.3×105AU)
away from the center of this globule. Thus the magnetic
field at sub-mm wavelength can not be detected beyond
1.3 × 105AU. In the Southern region, the spatial gap
between polarization vectors in the sub-mm and optical
is 82′′ (≈ 1.2×105AU) whereas this gap in the Western
region is 120′′ (≈ 1.8× 105AU).
3.3 Relative orientation between magnetic field and
the Galactic plane
The mean value of position angle of polarization (opti-
cal) and standard deviation for observed field stars are
< θopt>∼143.2
◦
and σθ ∼ 7.8
◦. The position angle of
1< θsub >wa=
∑
n
i=1
[θi(1/E
2
θ
i
)]
∑
n
i=1
[1/E2
θ
i
]
Galactic plane at the latitude of CB 34 is θGP ∼ 148.7
◦
and |θGP− < θ
opt > | ∼ 5.5◦. This suggests that the
magnetic field in the periphery of CB34 is well aligned
with the Galactic magnetic field in the observed plane
of the sky , i.e., magnetic field in the projected plane of
CB34 appears to be coupled with the Galactic magnetic
field. This type of orientation is mostly pronounced at
low galactic latitude like that of CB34 (b = −3.83◦). It
is observed that the magnetic field within few hundred
parsec of the Sun largely lies in the plane of the Galaxy
(Mathewson & Ford 1970). However, Stephens et al.
(2011) studied the effect of the Milky Way’s magnetic
field in star-forming regions using archival 350µm po-
larization data on 52 Galactic star formation regions
from the Hertz polarimeter module. They found that
there is no correlation between mean polarization an-
gle and Galactic location, i.e., the magnetic field in
dense molecular clouds is decoupled from the large-scale
Galactic magnetic field. The authors also commented
that the cloud cores which are embedded in a diffuse
medium (in an ordered Galactic magnetic field) usually
have a meaningful net field that has no preferred di-
rection within the Galaxy. It appears from our study
that the magnetic field in the immediate environment
(at scales > 105AU) is dominated by the galactic mag-
netic field. But, the submillimeter polarization mea-
surements show that the magnetic field direction in the
dense regions of the globule is different from the galactic
magnetic field direction.
However, the minor axes of the two cores (C1 and
C2) (please see Table 7) do not show any relation to
either of these directions. So, it is evident that the
processes leading to the formation of the globule CB34
has not affected the ambient magnetic field to any large
extent. This globule did not show pinching of the field
lines or other signs that the field has been compressed
due to collapse. The mean polarization angle of all field
stars, then, most likely probe the average magnetic field
direction of the general ISM along the line of sight to
the star, and not the immediate environment of the
globule.
To investigate the direction of observed polarization
vectors in the peripheral region with intercloud polar-
ization vectors, we have obtained stellar polarization
data of stars from Heiles (2000) within a circular area
of radius 5◦ about the central coordinates of CB34. The
total number of stars in that circular region is 24 which
have p/Ep > 3. The mean and the standard deviation
of polarization and position angle of polarization are
estimated to be 2.46 ± 0.04% and 146 ± 40◦. It fur-
ther confirms that the direction of peripheral magnetic
field in CB34 is also well aligned with the intercloud
magnetic field.
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Fig. 3 Histogram shows the distribution of degree of linear polarization and polarization position angle for two cores (C1
and C2) of CB 34.
9Table 5 Submm polarization data of CB34 with I > 0, p/Ep > 2 and Ep < 6%. The table is created from the CADC
repository of the SCUBA Polarimeter Legacy Catalogue (Matthews et al. 2009) after reanalyzing the data set. The first
column represents the serial number of sub mm polarization vectors whereas the second and the third column represent
pixel position of vectors in equatorial coordinate system. The fourth and fifth column are for degree of linear polarization
and polarization angle of vectors. To compare with the optical polarization angles, the sub-mm polarization angles have
been rotated by 90◦ to indicate the orientation of the magnetic field. The magnetic field position angles (θsubB ) are shown
in the sixth column. In the last column, the polarization vectors associated with cores C1 and C2 are shown.
# RA (2000) DEC (2000) p (%) PA (◦) θsubB Core
(= PA + 90◦)
1 05 47 7.8 21 00 40.2 18.79 ± 3.79 −70.78 ± 5.91 19.22 C1
2 05 47 7.1 21 00 10.2 11.04 ± 4.28 −61.02 ± 8.7 28.98 C1
3 05 47 7.1 21 00 31.2 12.93 ± 5.2 −77.43 ± 6.36 12.57 C1
4 05 47 7.1 21 00 40.2 07.30 ± 2.25 −72.08 ± 9.01 17.92 C1
5 05 47 7.1 21 00 50.2 9.76 ± 3.36 66.26 ± 9.06 156.26 C1
6 05 47 6.4 21 00 10.8 10.05 ± 4.16 42.07 ± 9.98 132.07 C1
7 05 47 6.4 21 00 50.2 6.77 ± 2.96 87.16 ± 16.2 177.16 C1
8 05 47 6.4 21 01 00.6 22.33 ± 4.55 −89.89 ± 11.31 0.11 C1
9 05 47 5.7 21 00 00.0 17.61 ± 4.58 5.43 ± 7.11 95.43 C2
10 05 47 5.7 21 00 30.2 9.02 ± 2.99 −45.97 ± 4.98 44.03 C1
11 05 47 4.3 21 00 09.6 11.37 ± 4.54 19.92 ± 10.59 109.92 C2
12 05 47 2.9 21 00 10.2 13.98 ± 4.36 −56.38 ± 10.68 33.62 C2
13 05 47 2.1 20 59 50.4 10.77 ± 5.08 35.59 ± 19.64 125.59 C2
14 05 47 2.1 21 00 29.4 12.61 ± 5.36 −25.51 ± 11.15 64.49 C2
15 05 47 1.4 21 00 20.2 12.71 ± 3.09 10.61 ± 5.48 100.61 C2
The offset angle between the Galactic plane and
magnetic field of two cores (C1 and C2) are found to be
102◦ and 58.3◦. This suggests that the inner magnetic
field of CB34 is not coupled with the galactic magnetic
field.
4 Mean particle density
The density structure of a star forming cloud cores is
one of the most important physical quantities that ex-
plores the evolution of the protostellar collapse and
its stellar end product. The mean particle density
< nH2 > is given by (Pereyra & Magalha˜es 2007)
< nH2 >=< AV >
(
NH2
AV
)
1
l
cm−3, (2)
assuming it to be a cylindrical filament. Here, AV is
the extinction, NH2 is the hydrogen column density and
l (in cm) is the typical dimension of the cloud.
The standard gas-to-extinction ratio is given by
(Bohlin et al. 1978)
(
NH2
AV
)
= 0.94× 1021 cm−2mag−1, (3)
We will now derive the mean particle density in both
the high density and low density region.
4.1 High density region
Wang et al. (1995) reported NH2 value for globule
CB34 from C18O J = 2 → 1 study, which is given
by 9.9×1021cm−2. In Section 3.2, the dimension of the
two cores C1 and C2 have been estimated and is given
by ∼ 36′′ and ∼ 35′′. Using these data, it is possible to
estimate the mean particle density at the central region
of the cloud, especially at cores C1 and C2. The values
are given by 1.22× 104 cm−3 and 1.26× 104 cm−3.
4.2 Low density region
Near-infrared extinction measurements can detect dust
column densities in the low-density outer regions of the
globules. To construct the extinction map of CB34,
we have used the Near-Infrared Color Excess (NICE)
method developed by Rowles & Froebrich (2009) (RF).
This method was first introduced by Lada et al. (1994)
which combines measurement of NIR color excess to
directly estimate the extinction and to map the dust
column density through a molecular cloud. In RF’s
method, the median color of all stars at each pixel po-
sition has to be determined. Then each median color
map has to be converted into the respective color excess
map so that one can determine the extinction/column
density of material. We used this method earlier
to construct extinction map of two globules CB224
10
and CB130 (Barman & Das 2015; Chakraborty & Das
2016).
We have collected the J , H and Ks magnitudes
of all field stars from the 2MASS Point Source Cat-
alog in regions of 25′ × 25′ centered on the globule
CB34 (Cutri et al. 2003), to build the extinction map.
Only those stars are considered whose JHKs magni-
tude show photometric quality flag of “AAA” which
actually corresponds to SNR > 10.
The infrared color excess is related to the visual ex-
tinction via extinction law (Rowles & Froebrich 2009):
AV =
5.689
2
(AH,<J−H> +AH,<H−Ks>), (4)
where,
AH,<J−H> =
<J−H>
(
λH
λJ
)β−1
or AH,<H−Ks> =
<H−Ks>
1−(
λKs
λH
)−β
is the extinction in the H-band. Here, < J −H > and
< H −Ks > are the color excess.
Rowles & Froebrich (2009) used the value of β =
1.7, since previous studies show that it lies between 1.6
and 2.0 (Martin et al. 1990; Draine 2003). To derive
extinction from equation (4), we have also taken β =
1.7. The visual extinction map of CB34 is now shown
in Fig. 4. The field of view of visual extinction map is
∼ 25′×25′, having dimension of each pixel = 10′′×10′′
(spatial resolution = 34′′).
The average extinction in the low density region can
be estimated which is given by ≈ 1.80 mag. The clos-
est star which is traceable in the low density region is
located at ≈ 100′′ from the center of globule. Thus we
can determine the mean particle density using equation
(2), considering the cloud dimension of ≈ 200′′, which is
given by 3.76× 102 cm−3. The hydrogen column densi-
ties (NH2) for the region traced by optical observations
can be calculated using equation (3) and is given by
1.7× 1021 cm−2.
5 Magnetic field strength
We will now estimate the magnetic field strength (in
Gauss) for SCUBA data using the relation (Chandrasekhar & Fermi
1953):
B = |BPOS | =
√
4pi
3
ρgas
vturb
σθ
, (5)
where ρgas is the gas density (in g cm
−3), vturb is
the rms turbulence velocity (cm s−1), and σθ is the
standard deviation of the polarization position angles
in radians. It is also assumed that the magnetic field is
frozen in the cloud material.
The total gas density ρgas is given by (Henning et al.
1997)
ρgas = 1.36 nH2 MH2 , (6)
where MH2 = 2.0158 amu = 2.0158× 1.66× 10
−24 g
is the mass of a H2 molecule.
The rms turbulence velocity (vturb) is given by
(Wang et al. 1995)
vturb =
∆v
2.35
, (7)
where ∆v is the FWHM line width, measured at qui-
escent positions located away from the emission peaks.
The mean density (nH2 ) of two cores and FWHM
line width of CB34 are given by 1.2 × 104cm−3 and
1.5 kms−1 (Wang et al. 1995). We have estimated the
mean magnetic field strength of two cores C1 and C2
using the formulae mentioned above, where weighted
standard deviation of position angle (σwtθ ) of two cores
is considered. The results are presented in Table 6.
The magnetic field in core C2 is ≈ 70µG, which is more
by a factor of 2, than the estimated field strength of
core C1 ≈ 34µG. It is observed that the sub-mm polar-
ization vectors in core C1 are oriented more randomly
than core C2. Codella & Scappini (2003), through mul-
tiline millimetre survey, reported that the current star
forming activity in CB34 is concentrated in the three
main clumps. They found that either CB34 is rotating,
or that different parts of it are associated with different
velocities. This may be the reason why the polarization
vectors are not ordered at the core of CB 34.
6 Discussion
6.1 Correlation between magnetic field and outflows
Magnetic fields in a cloud play a notable role in the
collapse of cloud and the formation of circumstellar
disks and outflows. Matsumoto & Tomisaka (2004)
and Matsumoto et al. (2006) showed that the align-
ment between the magnetic field and outflow depends
on the magnetic field strength, i.e., the alignment will
be better when the magnetic field is stronger. This
result is based on MHD simulations on a slowly ro-
tating globule core which is undergoing gravitational
collapse. Curran & Chrysostomou (2007) found no re-
lation between mean magnetic field direction and out-
flow direction from the study of 16 high-mass star-
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Fig. 4 Extinction map of CB34 constructed using the NICE method having field of view (FOV) ∼ 25′ × 25′, dimension
of a pixel = 10′′ × 10′′ (spatial resolution = 34′′). The ‘+’ sign denotes the center of the globule. The color bar represents
the extinction scale which is in magnitude unit.
Table 6 Position of cores, mean degree of polarization along with standard deviation, intensity-weighted average magnetic
field position angle along with weighted standard deviation and magnetic field strength of two sub-mm cores C1 and C2.
Core RA (2000) DEC (2000) < psub > σp < θ
sub
B >wa σ
wt
θ B
(%) (%) (◦) (◦) (µG)
C1 05 47 06 21 00 41 12.00 6.91 46.7 51.9 34
C2 05 47 02 21 00 10 13.18 3.46 90.4 25.5 70
Table 7 Weighted average magnetic field position angles and angular orientations between magnetic field, core minor axis
and outflows of two sub-mm cores C1 and C2 (wa: intensity-weighted average; sub: submillimetre data; min: minor axis
of the core; out: outflow direction).
Core < θsubB >wa θmin θout | < θ
sub
B >wa −θmin| | < θ
sub
B >wa −θout| |θout − θmin|
C1 46.7◦ 61◦ −15◦ 14.3◦ 61.7◦ 76◦
C2 90.4◦ −1◦ −15◦ 91.4◦ 105.4◦ 14◦
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Fig. 5 Schematic diagram of CB34 showing the orientations of the intensity-weighted average magnetic field of two cores
C1 and C2, minor axis (θmin) of C1 and C2, direction of outflow (θout), and the Galactic plane w.r.t. the north. Optical
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forming regions, although some alignments were no-
ticed. Hull et al. (2014) studied the correlation of B-
fields with bipolar outflows and found that the sources
with low polarization fractions show hint that outflows
are preferentially perpendicular to small-scale B-fields.
They commented that in those sources the fields have
been wrapped up toroidally by envelope rotation. Many
observations have been reported to study the correla-
tion between magnetic field and CO outflow of the Bok
globules (e.g., Cohen et al. (1984); Vrba et al. (1986);
Jones & Amini (2003); Wolf et al. (2003); Hull et al.
(2013); Bertrang et al. (2014); Soam et al. (2015)).
Some study shows a good alignment of globule’s mag-
netic field with outflow axis (e.g., Cohen et al. (1984);
Vrba et al. (1986); Jones & Amini (2003)), whereas
misalignment of magnetic field direction and out-
flow axis have been also reported (e.g. Wolf et al.
(2003); Me´nard & Duche´ne (2004); Hull et al. (2013);
Targon et al. (2011); Soam et al. (2015)). Soam et al.
(2015) reported that in IRAM 04191, the outflow is
oriented almost perpendicular (∼ 84◦) to the periph-
eral magnetic field, but it is oriented almost parallel
(∼ 16◦) to the inner magnetic field. In the case of
globules B335, CB230 and CB68, the outflows are ori-
ented almost perpendicular to the inner magnetic field
(Wolf et al. 2003; Bertrang et al. 2014). Bertrang et al.
(2014) also reported that the magnetic field orientation
of CB54 is aligned with CO outflow.
The position angle of the bipolar outflow (θout) of
CB34 is −15◦ whose positions of the center of the out-
flows ∆α and ∆δ are given by 0.2′ and −0.4′ (offset
from the map center of CB34) (Yun & Clemens 1994a).
Looking at the position coordinates of cores and out-
flow, we notice that the outflow center is very close to
core C2. The angular offset between < θsubB >wa and
θout for cores C1 and C2 are respectively, 61.7
◦ and
105.4◦ (c.f Table 7). Thus the outflow axis is almost
perpendicular to the magnetic field orientation of core
C2. Orientation of both the polarization vectors and
the outflow are shown in Fig. 5.
6.2 Correlation between magnetic field, minor axis of
the cores, and outflows
We have estimated the orientation of the minor axis of
two cores C1 and C2 which are given by 61◦ and−1◦. It
can be seen from Table 7 that the angular offset between
< θsubB >wa and θmin for C1 and C2 are 14.3
◦ and 91.4◦.
Thus minor axis of the core C1 is almost aligned with
inner magnetic field. This result is consistent with mag-
netically dominated star formation model which sug-
gests that the magnetic field should lie along the minor
axis of the molecular cloud (Mouschovias & Morton
1991; Li 1998). It is also expected that the cloud
tends to contract first in a direction parallel to the mag-
netic field and then in quasi-statically perpendicular to
the field orientation (Li 1998; Ward-Thompson et al.
2009). However, core C2 shows almost opposite nature
where projected magnetic field vector is found to be
perpendicular to the position angle of the minor axis,
which is inconsistent with the above model. The mean
value of offset between θout and θmin for C1 and C2 are
found to be 76◦ and 14◦. This finding suggests that the
the CO outflow is oriented almost parallel to the minor
axis of C2. It is also to be noted that the outflow center
is close to core C2 (which is already discussed in Section
5.1), so we believe this outflow may be associated with
core C2. It is important to mention here is that the ma-
jor and minor axes of cores C1 and C2 don’t differ very
much, and that the reader should take that into account
when considering their results regarding magnetically-
dominated versus not-magnetically-dominated star for-
mation.
Soam et al. (2015) found that the angular offset be-
tween θsubB and θrot for IRAM 04191 is 14
◦, i.e., inner
magnetic field is almost parallel to the minor axis of the
globule. In the case of IRAM 04191 and L1521F, the
outflows are oriented parallel to the minor axis of the
clouds. Recently, Chapman et al. (2013) reported the
350µm polarization observations of four low-mass cores
containing Class 0 protostars: L483, L1157, L1448-
IRS2 and Serp-FIR1. A strong correlation between
minor axes and outflow direction was observed. They
concluded that the outflow inclination angle could be
used as a proxy for the pseudodisk symmetry (minor)
axis inclination angle.
7 Conclusions
1. We present the optical imaging polarimetric obser-
vations of a large globule CB34 which were carried
out using the Aryabhatta Research Institute of ob-
servational sciencES (ARIES) Imaging Polarimeter
mounted on Cassegrain focus of the 1.04m Sampur-
nanand Telescope of ARIES, Nainital, in R pho-
tometric band, on 12–13 March, 2013 and on 20
Feb, 2015. The mean value of optical polarization
and position angle for stars projected in CB34 are
< popt >= 2.14% and < θopt > = 143.2◦ with a
standard deviation of σp = 0.84% and σθ = 7.8
◦,
respectively.
The mean polarization (< psub >) and mean
position angle (< θsub >) of core C1 along with
standard deviations are given by 12.0 ± 6.91% and
−24.63± 69.30◦ (or 155.37± 69.30◦). The values for
14
C2 are given by 13.18 ± 3.46% and −1.72 ± 33.52◦
(or 178.28 ± 33.52◦). The intensity-weighted aver-
age position angle (< θsub >wa) for cores C1 and C2
are given by −43.3± 6.5◦ and 0.4± 12.3◦. Also, the
weighted standard deviation of position angle (σwtθ )
for cores C1 and C2 are estimated to be 51.9◦ and
25.5◦.
2. The direction of the magnetic field inside the dense
region (traced through sub-mm polarimetry) is ori-
ented approximately perpendicular to the magnetic
field direction in the less dense outer regions of the
globule. This implies that only the magnetic field
in the dense regions is related to the physical pro-
cesses inside the globule, while the magnetic field
in the low-density region in the environment of the
globule (traced through optical polarimetry) is not.
The transition between the two regimes is around
105 AU.
3. The magnetic field of core C2 is found to be almost
perpendicular with the outflow direction of CB34
which is also observed in past for three clouds B335,
CB230 and CB68 (Wolf et al. 2003; Bertrang et al.
2014). The magnetic field strength in the plane-of-
sky for two cores C1 and C2 is estimated to be Bsub
≈ 34µG and ≈ 70µG.
4. The angular offset between intensity-weighted aver-
age magnetic field position angle of core C1 and the
minor axis position angle is found to be 14.3◦. This
suggests that the magnetic field of core C1 is nearly
aligned with the minor axis of the core. This feature
is typical for magnetically dominated star formation
models. We also find that the inner magnetic field
of C2 is inclined at an angle of 91.4◦ with the minor
axis of the cloud that is inconsistent with magnet-
ically dominated star formation models. Since the
major and minor axes of cores C1 and C2 don’t dif-
fer very much, so one should take that into account
when considering his results regarding magnetically-
dominated versus not-magnetically-dominated star
formation.
5. The mean value of offset between the minor axis of
the core C2 and the outflow directions is found to be
14◦. Thus the direction of outflow is almost aligned
with the minor axis of the core C2.
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